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Edited by Vladimir SkulachevAbstract V79 Chinese Hamster lung ﬁbroblasts were subjected
to repetitive low-grade stress through multiple exposures to
30 lM H2O2 in culture for 4 weeks. Akt/protein kinase B
became phosphorylated at serine473 and threonine308 during this
period of repetitive stress. Concurrent exposure of the cells to
LY294002 (5 lM), a phosphoinositide-3 kinase inhibitor or
4.5 lM epigallocatechin 3-gallate (EGCG), a tea polyphenol
almost completely blocked Akt activation by repetitive stress.
Phosphorylation of I kappa B kinase (IKK) and transcriptional
activity driven by nuclear factor kappa B (NFjB) were signiﬁ-
cantly enhanced by repetitive oxidative stress. These increases
were largely abolished by simultaneous exposure to EGCG.
The repetitively stressed cells demonstrated a signiﬁcant resis-
tance to apoptosis by subsequent acute stress in the form of
ultraviolet radiation at 5 J/m2 or H2O2 (7.5 mM). The resistance
to apoptosis conferred by repetitive stress was drastically
reduced (>80%) by constant exposure to EGCG during the
stress period while the presence of LY294002 or the NFjB inhib-
itor SN50 brought about a relatively moderate eﬀect (about
50–65%). Our data indicate that activation of Akt and NFjB
pro-survival pathways by repetitive low-grade stress results in
a strong inhibition of the normal apoptotic response after subse-
quent acute stress. The tea polyphenol EGCG impedes the acti-
vation of both Akt and NFjB by repetitive stress and as a result
preserves the normal apoptotic response during subsequent acute
stress.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Repetitive stress1. Introduction
Studies describing repetitive or chronic stress conditions
induced by exposures to frequent low-grade stress have been
documented [1–6]. Repetitive stress has been studied in terms
of upregulation of anti-oxidant defense [1,2,5,6] and increasedAbbreviations: EGCG, epigallocatechin 3-gallate; NFjB, nuclear fac-
tor kappa B; MTT, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazo-
lium bromide; H2DCF, 2
0-70-dichlorodihydroﬂuorescein; ROS,
reactive oxygen species; IKK, IjB kinase
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doi:10.1016/j.febslet.2005.12.013survival after subsequent acute stress [6]. Realistically,
repeated exposures to low-grade stress of similar nature might
be a common phenomenon in these days of increasing environ-
mental pollution [7,8]. Therefore, it becomes extremely rele-
vant to investigate the factors determining the anti-apoptotic
inﬂuence of repetitive stress and to document whether repeti-
tive or chronic use of naturally occurring compounds inﬂuence
the anti-apoptotic outcome of repetitive stress.
Upregulation of anti-oxidant defense has been identiﬁed as
an underlying cause of the apoptosis inhibitory eﬀects exerted
by repetitive stress [1,2,5,6]. However, it is also becoming
increasingly clear that important signaling mechanisms may
be associated with the superior ability of adapted cells or cells
pre-exposed to low-grade stress in combating apoptosis-induc-
ing stress [9]. The inter-relationships between the signaling net-
works activated by repetitive stress and its anti-apoptotic
functions remain incompletely understood.
Akt–PKB (protein kinase B) is a serine/threonine kinase,
which controls vital cellular functions such as cell survival, cell
cycle progression and glucose metabolism [10–13]. Activation
of Akt/PKB through phosphorylation on serine473 and threo-
nine308 by upstream kinases results in the activation of Akt ki-
nase activity. Akt activation culminates in the phosphorylation
and inhibition of the pro-apoptotic functions of Akt substrates
many of which play substantial roles in cell survival/apoptosis
[10–15]. Increased Akt activity has also been linked to an in-
crease in the transcriptional activity of nuclear factor kappa
B (NFjB) [10], a pro-survival transcription factor associated
with many cancers [14]. Akt overexpression and elevated activ-
ity are associated with malignant tumors and downregulation
of Akt function has been a target of chemotherapy [15]. NFjB
is bound to its inhibitor protein IjB in the cytoplasm and in
this way kept away from the nucleus, which is the site of action
of NFjB [14,16,17]. When an upstream kinase known as the
IjB kinase (IKK) phosphorylates IjB, the phosphorylated
protein undergoes proteosomal degradation and NFjB tran-
scriptional activity is increased. IKK in turn is activated by
phosphorylation by kinases, which may be activated upstream
by Akt, or other kinases [16,17].
Green or black tea polyphenols have recently been shown to
possess growth-inhibitory and pro-apoptotic eﬀects especially
in cancer cells [18–22]. The water-extractable material, which
usually accounts for one-third of the tea leaves in dry weight,
contains about 30% catechins [23]. The tea catechin epigalloca-
techin-3-gallate (EGCG) constitutes approximately 60% of the
catechins in tea. The plasma/serum levels of tea polyphenolsblished by Elsevier B.V. All rights reserved.
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range, peaking close to 1 lM [24,25].
In this study, we try to identify the key upstream elements
that promote survival in repetitively stressed cells. Further-
more, we aim at identifying a natural product, which through
continuous exposure at low levels may negate the anti-apopto-
tic/pro-survival eﬀects of repetitive stress.2. Materials and methods
2.1. Materials
Antibodies against Phospho Akt (ser473), Phospho Akt (Thr308),
Akt, Phospho (serine )-IjB kinase were purchased from Cell signaling
technology, USA. b-Actin antibody, anti-catalase antibody and ethi-
dium bromide were bought from Sigma chemicals, USA. Caspase-3
substrate (Ac DEVD-AMC), LY294002, SN50 (cell permeable inhibi-
tor of NFjB transcriptional activity), and EGCG were obtained from
Calbiochem, UK.
2.2. Schedule of exposure to repetitive and acute stress
For the development of repetitive oxidative stress model, V79 Chi-
nese hamster lung ﬁbroblasts were exposed to 30 lM H2O2 at 37 C
for 30 min in culture 5 days a week for a period of 4 weeks.
LY294002 (5 lM) or SN50 (18 lM) or EGCG (4.5 lM) were added
in the culture medium of both control or repetitively stressed cells. Un-
treated controls were subcultured normally and received no other
treatment. After 4 weeks of the experimental period, UVC radiation
of 1 J/m2/s for 5 s or 7.5 mMH2O2 for15 min were used to induce acute
stress in previously treated or untreated cells. Cell viability was mea-
sured after 4 weeks in both untreated control cells and cells exposed
to repetitive stress by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay as described previously [6].
2.3. Measurement of ROS
To determine whether EGCG directly scavenged H2O2, spectropho-
tometric measurements of H2O2 (30 lM to 1 mM) were made at
240 nm in the absence or presence of EGCG (4.5 lM).
Intracellular scavenging of H2O2 was determined with the ﬂuores-
cent dye 2 0,7 0-dichlorodihydroﬂuorescein (H2DCF). Cells were incu-
bated with the ester form of the dye for 30 min at 37 C.
Fluorimetric measurements were done at excitation 506 nm and emis-
sion 526 nm.
2.4. Western blot analysis
Cells were harvested from the plates and lysed by rapid freeze and
thaw and were homogenized on ice. After precipitating cell debris
and nuclei at 4 C, the protein concentration of supernatant was deter-
mined by Bradford method. 40 lg of total protein was separated on
10% SDS–PAGE and was transferred to PVDF membrane. Blots were
blocked for 2 h at room temp with 5% BSA and incubated at 4 C
overnight with diﬀerent antibodies. After three washes, the membrane
was incubated with 1:5000 dilution of the appropriate peroxidase-
conjugated secondary antibodies for 1 h at room temperature. After
additional washing, they were developed for detection of chemilumi-
nescence. Western blots were scanned by a UMAX Astra Scanner
and the bands were quantiﬁed by using Scion Image Beta 4.02 software
from Scion Corporation, USA.
2.5. Measurement of transcription factor-induced gene expression
Transcription factor-induced gene regulation was monitored by
Mercury Pathway proﬁling SEAP system kit from Clontech, USA fol-
lowing the manufacturers instructions. Cells were transfected by cor-
responding plasmids as described in the manuals. Mercury vectors
are engineered in such a way, that they contain a speciﬁc cis-acting
DNA binding sequence and a sensitive reporter gene. That is if any
transcription factor binds to the cis-acting DNA binding domain, alka-
line phosphatase will be expressed. This secreted alkaline phosphatase
was measured ﬂurometrically by using its substrate 4-methyl umbel-
iferryl phosphate (10 lM). The transfections were induced by calcium
phosphate and the vectors pAP1-SEAP and pNFjB-SEAP were used.2.6. Determination of caspase-3 activity
Treated and untreated cells were harvested and lysed with lysis buf-
fer (10 mM Tris–HCl, 10 mM NaH2PO4/NaHPO4, pH 7.5, 130 mM
NaCl, 1% Triton X-100, 10 mM sodium pyrophosphate). Protein
was estimated by Bradford method. 50 lg of protein was incubated
with 10 lg of Ac-DEVD-AMC the ﬂuorogenic caspase-3 substrate in
1 ml of assay buﬀer (20 mM HEPES, pH 7.5, 10% glycerol, 2 mM
DTT) for 1 h and reaction was ceased by chilling. Fluorescence was
measured at 380 nm excitation and emission 420–460 nm by spectroﬂu-
orimeter.
2.7. Flow cytometry
Cells were harvested and ﬁxed with 70% chilled ethanol and kept at
20 C for 24 h. These cells were washed with PBS twice and sus-
pended in PBS containing 20 lg RNAase and kept for 2 h. These cells
then were treated with ethidium bromide (20 lg/ml) and kept at dark
for 15 min. Cell cycle of these cells was analyzed by ﬂow cytometry
in a Becton–Dickinson ﬂow cytometer.
2.8. Statistical analysis
Students t test was used to calculate statistical signiﬁcance of the
data.3. Results
3.1. Repetitive oxidative stress induces serine and threonine
phosphorylation of Akt/PKB
Akt became serine473 and threonine308 phosphorylated dur-
ing the 4 week repetitive stress exposure (Fig. 1A and B). Ser-
ine473 and threonine308 phosphorylation of Akt over initial
basal levels became evident after one week of treatment and
continued in the next 3 weeks (data not shown). After the 4
week experimental period, about 9-fold increase was observed
in both serine and threonine phosphorylation levels (Fig. 1A
and B).
3.2. Eﬀects of PI-3 kinase inhibitor LY294022 and EGCG on
Akt/PKB phosphorylation
Exposure to LY294022 (5 lM), a phosphoinositide-3 kinase
(PI-3 kinase) inhibitor, during the repetitive stress period cur-
tailed the increase in Akt phosphorylation on serine and thre-
onine by about 80–100% (Fig. 1A and B). Also, the presence of
EGCG (4.5 lM) in culture, almost completely abolished both
serine and threonine phosphorylation of Akt during the repet-
itive stress period (Fig. 1A and B). However, the presence of
SN50 did not alter the phosphorylation of Akt by repetitive
stress (data not shown).
3.3. NFjB-induced gene expression after 4 weeks of repetitive
stress
After 4 weeks of repetitive stress no change from untreated
control values in AP1-induced gene expression levels were
found (data not shown). NFjB-induced gene expression
was signiﬁcantly increased (P < 0.01; 4-fold) after the 4 week
period of repetitive stress (Fig. 2A). LY294022 exposure dur-
ing repetitive stress failed to signiﬁcantly aﬀect (P > 0.05)
NFjB-induced gene expression. However, exposure to
EGCG almost completely abolished (P < 0.01) the increased
transcriptional activity of NFjB of the repetitively stressed
cells.
3.4. Phosphorylation of IKK after 4 weeks of repetitive stress
Fig. 2B shows a prominent phosphorylation of IKK after 4
weeks of repetitive stress. IKK phosphorylations were absent
Fig. 1. Phosphorylation of Akt. (A) Upper most panel shows the serine473 phosphorylation of the Akt protein visualized by immunoblotting with
anti-ser473 antibody. The middle panel shows a blot of Akt protein to demonstrate equal protein loading. The lower panel shows the relative phospho
serine–Akt band density. The lower panel column numbers denote number of weeks during the experimental period. 0, 0 week (starting control); 4C,
4 weeks untreated control; 4, 4 week under repetitive stress; 4LY, cells treated with repetitive stress and LY294002 simultaneously for 4 weeks; 4E,
cells treated with repetitive stress and EGCG simultaneously for 4 weeks. (B) Upper panel shows the threonine308 phosphorylation of the Akt protein
visualized by immunoblotting by anti-threonine308 antibody. The middle panel shows a blot of Akt protein indicating equal protein loading. The
lower panel shows the relative band density of the phospho-threonine bands. The lower panel column numbers denote number of weeks during the
experimental period. 0, 0 week (starting control); 4C, 4 weeks untreated control; 4, 4 week under repetitive stress; 4LY, cells treated with repetitive
stress and LY294002 simultaneously for 4 weeks; 4E, cells treated with repetitive stress and EGCG simultaneously for 4 weeks. The details of the
experimental procedures are given in Section 2.
280 P. Sen et al. / FEBS Letters 580 (2006) 278–284in starting control cells, 4 week untreated control cells and 4
week repetitively stressed cells that received simultaneous
exposure to EGCG.
3.5. Role of EGCG as a scavenger of ROS
We examined whether EGCG had an anti-oxidant eﬀect in
our studies. At the concentration used in our study (4.5 lM),
EGCG did not signiﬁcantly aﬀect (P > 0.05) intracellular reac-
tive oxygen species (ROS) concentration in H2DCF-treated
V79 ﬁbroblasts when EGCG was added to the cell suspension
with 1 mM H2O2. After 5 min the ROS ﬂuorescence in the
presence of only H2O2 was 95.2 ± 7.0% of the starting ROS
concentration (in the presence of 1 mM H2O2) as compared
to the ROS ﬂuorescence of 106 ± 6.5% under similar condi-
tions for both EGCG and H2O2. Furthermore, H2O2 concen-
tration (1 mM) in cell free conditions was also not signiﬁcantly
changed through addition of (4.5 lM) EGCG. Also, repetitive
oxidative stress upregulated the protein level of catalase as was
observed by us earlier [3,6] and seen again in this study (Fig. 3).
EGCG treatment during the repetitive stress period failed to
inﬂuence the upregulation of catalase levels (Fig. 3).
3.6. Apoptosis of cells subjected to repetitive stress after
subsequent exposure to ultraviolet radiation or a higher dose
of H2O2 (7.5 mM)
Viability of the cells remained unaltered during the 4 week
repetitive stress period. The MTT reduction was similar in 4
week untreated control and 4 week repetitive stress cells
(99.78 ± 2.0% of MTT reduction in 4 week repetitive stress
cells as compared to 4 week untreated control cells).Caspase-3 activity rose several folds after exposure of un-
treated starting control or 4 week untreated control cells to
ultraviolet radiation (UVR) at the rate of 5 J/m2 or H2O2
(7.5 mM). The increases in caspase-3 activity were similar for
UVR and H2O2 (Fig. 4A). In contrast, in the cells subjected
to repetitive stress for 4 weeks no signiﬁcant (P > 0.05) in-
crease was noted in caspase-3 activity after exposure to
7.5 mM H2O2 or UVR.
Treatment during the repetitive stress period with
LY294022, a PI-3 kinase inhibitor, led to a signiﬁcant augmen-
tation (P < 0.01) in caspase-3 activity (75–100% of similarly
treated control) after exposure to 7.5 mM H2O2 or UVR when
compared to cells subjected only to repetitive stress and subse-
quently to 7.5 mM H2O2 or UVR. Similarly, a signiﬁcantly
higher (P < 0.01) escalation in caspase-3 activity was noted
after subsequent 7.5 mM H2O2 or UVR treatment when
EGCG was present in culture during the repetitive stress peri-
od as compared to 7.5 mM H2O2 or UVR treated repetitively
stressed cells. The inhibition of NFjB activity by SN50 also
augmented (P < 0.05) caspase activity in repetitively stressed
cells after UVR or 7.5 mM H2O2. DNA fragmentation
(amount of sub G0/G1DNA) was higher (P < 0.01) in UVR-
treated control cells than in 7.5 mM H2O2-treated control cells
(Fig. 4B) in contrast to similar levels of caspase activity pro-
duced by these two agents in control cells.
Also, 4 weeks of repetitive stress severely curtailed DNA
fragmentation by UVR (P < 0.001) or 7.5 mM H2O2
(P < 0.01). Treatment of the cells simultaneously with
LY294022 and repetitive stress brought about a signiﬁcant rise
(P < 0.05) in DNA fragmentation after UVR or 7.5 mM H2O2
Fig. 2. NFjB-driven transcriptional activity and phosphorylation of
IKK. (A) NFjB-driven activation of the alkaline phosphatase gene
expression was measured in the form of alkaline phosphatase activity.
The data are presented as fold increase over control alkaline
phosphatase activity values. The cells were treated with repetitive
stress for 4 weeks or were left untreated (control). The repetitively
stressed cells received either no other treatments or received simulta-
neous treatments with either EGCG or LY294002. (B) Upper panel
shows serine phosphorylation of IKK visualized by immunoblotting
with anti-phosphoserine IKK antibody. Lower panel shows an
immunoblot of b-actin indicating equal protein loading. Numbers on
the Figure denote the time in weeks during the experimental period.
Experimental details are provided in Section 2.
Fig. 3. Catalase overexpression by repetitive stress. Catalase protein
levels were visualized by immunoblotting with anti-catalase antibody
and are displayed in the upper panel. The middle panel shows b-actin
protein levels to denote equal protein loading. The lowest panel shows
relative catalase band density. Numbers on the ﬁgure denote the time
in weeks during the experimental period. 4C, 4 weeks untreated
control; 4, 4 week under repetitive stress; 4E, cells treated with
repetitive stress and EGCG simultaneously for 4 weeks. Experimental
details are provided in Section 2.
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subsequent UVR or 7.5 mM H2O2. However, the extent of
DNA fragmentation by UVR in the LY294002-treated and
repetitively stressed cells was only about 50% of that produced
by UVR in control cells. Similarly, H2O2-induced DNA frag-
mentation in LY294002 and repetitively stressed cells rose to
a level of 60% of that of H2O2-treated control cells. Also, the
presence of SN50 during the repetitive stress period signiﬁ-
cantly (P < 0.05) improved the DNA fragmentation response
after UVR or 7.5 mM H2O2 when compared to cells receiving
only repetitive stress and subsequent UVR or 7.5 mM H2O2.
However, the DNA fragmentation induced by UVR or
7.5 mM H2O2 in SN 50-treated repetitively stressed cells was
about 60–65% of that produced by UVR or 7.5 mM H2O2 in
untreated control cells. EGCG was more potent for the rever-
sal of the anti-apoptotic eﬀects of repetitive stress. EGCG fully
restored the 7.5 mM H2O2-induced DNA fragmentation in
repetitively stressed cells to the level of 7.5 mM H2O2-induced
DNA fragmentation in control cells (P > 0.05) and brought
back the UVR-induced DNA fragmentation in repetitively
stressed cells to 80% of that in UVR-induced DNA fragmenta-
tion in control cells. However, EGCG failed to inﬂuence the
apoptotic parameters in H2O2-treated or UVR-treated controlcells as no noticeable eﬀect of EGCG pre-treatment was
observed in the caspase-3 activity and DNA fragmentation
values of H2O2-treated or UVR-treated control cells (Fig. 4).4. Discussion
The signiﬁcance of a properly balanced cell survival and cell
death program in the living organism is irrefutable. While an
augmented survival rate of dividing cells can lead to cancer,
the premature death of post mitotic cells such as neurons
can induce neurodegeneration. In the face of an environmental
insult, cells ﬁrst undergo cell cycle arrest, and endeavor to re-
pair the DNA damage. If the damage is beyond repair, the
cells die by physiological cell death or apoptosis. When the
normal apoptotic response is impeded, the danger of propagat-
ing cells with damaged DNA harboring deleterious mutations
becomes greater. Therefore, identiﬁcation of the upstream ele-
ments, which might negatively inﬂuence the normal apoptotic
response, becomes important. The present study conﬁrmed our
earlier ﬁndings [6] that cells exposed in culture to low levels of
repetitive stress have a survival advantage over control cells
when both face a subsequent environmental stress situation
(Fig. 4). Our present data clearly documented the involvement
of key pro-survival signaling networks with the repetitive stress
conditions and established the link between these signaling net-
works and the anti-apoptotic eﬀects of repetitive stress. Akt/
PKB is a seine/threonine protein kinase, which controls a num-
ber of pro-survival pathways [10–13]. Akt is phosphorylated
by phospholipid dependent kinase (PDK) in close proximity
to the plasma membrane. 3 0-Phosphorylated phosphoinosi-
tides, the products of the enzyme PI-3 kinase are essential
for the activity of PDK on its substrate Akt. Signaling through
Fig. 4. Apoptotic response of repetitively stressed cells. (A) Caspase-3 activity. (B) Sub G0/G1 DNA values. The data are presented as fold increase
over untreated control values. The cells were treated with repetitive stress for 4 weeks or were left untreated for 4 weeks (control). The repetitively
stressed cells received either no other treatments or received simultaneous treatments with EGCG or LY294002 or SN50. Subsequently, the cells
received either UVR (5 J/m2) or 7.5 mM H2O2. One batch of initially untreated cells received no other subsequent treatment for the 4 week
experimental period and the caspase/sub G0/G1 DNA values in these cells are taken as untreated control. Other experimental details are provided in
Section 2.
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NFjB and AP1 also favor cell proliferation and survival
[14,15,26–28]. Several key molecules in these survival pathways
such as Ras, PI-3 kinase, Akt and NFjB are overexpressed or
constitutively activated in many types of cancer [14,15,26–28].
In the repetitively stressed cells, transcriptional activation of
AP1 was not observed excluding the possible involvement of
AP1 driven transcription as a modulator of survival in these
cells.
It is evident from our study that repetitive stress activated
Akt through serine and threonine phosphorylation. Repetitive
stress also activated the transcription by NFjB in an Akt-inde-
pendent manner. LY294002, a PI-3 kinase inhibitor, com-
pletely inhibited Akt phosphorylation at serine473 and
threonine308 in the repetitively stressed cells (Fig. 1A and B).
Hydrogen peroxide has been shown recently to mediate PI-3
kinase and Akt activation [29]. However, LY294002 had very
little inhibitory eﬀect on NFjB transcriptional activity (Fig. 2).
Therefore, it is conceivable that the NFjB pathway operates in
a manner independent of Akt in the repetitively stressed V79
cells. Our study clearly demonstrates IKK phosphorylation
in repetitively stressed cells and therefore identiﬁes the possible
upstream event in the activation of NFjB by repetitive stress.
Exposure to H2O2 has been identiﬁed as a trigger for NFjB
transcriptional activity through the activation of an upstream
component IKK [30].
As malignancy results from an imbalance between the pro-
liferative and apoptotic processes, any mechanism that halts
or slows down inappropriate cell division or that induces
damaged cells to undergo apoptosis is potentially useful for
prevention of initiation or progression of the malignant pro-
cess. Dietary compounds that target either proliferation or
apoptosis have the possibility to be useful for chemopreven-
tion or therapy. EGCG is the major bioactive polyphenol
present in tea. EGCG has been shown to trigger apoptosisin cancer cells but not in normal cells [21]. It has also been
described to have anti-oxidant, anti-mutagenic and immuno-
modulatory properties [31,32]. However, in the present study,
EGCG (4.5 lM) failed to exert a direct anti-oxidant eﬀect, as
it did not promote any detectable removal of ROS. Therefore,
the eﬀects of EGCG observed in our study are independent of
its action as ROS scavenger and anti-oxidant. Also, in our
study EGCG exerted its pro-apoptotic eﬀects in the presence
of a signiﬁcantly (P < 0.01; 4-fold) increased catalase levels
(Fig. 3). Therefore, it is apparent that the apoptosis promot-
ing eﬀects of EGCG were not mediated by H2O2. In a recent
review [33], it has been proposed that the beneﬁcial or toxic
eﬀects of ﬂavonoids may not be due to their anti-oxidant
inﬂuence but rather may be due to their modulating eﬀect
on signaling molecules. Our data are also in agreement with
the results described by Umeda et al. [34], who reported that
the inhibition of cell growth of HeLa cells by EGCG was not
due to production of H2O2. EGCG is known to obstruct Akt
and NFjB activity in transformed cells [20,35,36]. The inhibi-
tion of PI3-kinase, the phospholipid kinase upstream of Akt
activation, has been associated with the action of EGCG in
some recent studies [37,38]. EGCG has been shown to impede
NFjB activation through its obstructive action on various
events upstream of NFjB activation. These include exertion
of inhibitory eﬀects on IKK, on phosphorylation of the p65
subunit of NFjB, and on proteosome activity [39–41]. Our
data also identiﬁes IKK activation as one of the upstream
steps, which was inhibited due to EGCG exposure of repeti-
tively stressed cells. The repetitively stressed cells demon-
strated that low-grade stress created an environment
inhibitory to inducers of apoptosis, which could be potentially
harmful. EGCG treatment during this period of repetitive
stress reversed the anti-apoptotic eﬀects of repetitive stress
to a large extent (80–100%). At the same time EGCG im-
peded both serine and threonine phosphorylation of Akt,
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moted apoptosis in repetitively stressed cells with impaired
apoptotic response, it failed to augment the apoptotic re-
sponse of control cells (Fig. 4). A recent study has reported
that EGCG concentrations of <10 lM not only do not pro-
duce chromosome damage but also protect cells from chro-
mosome damage by other oxidants [24]. However, higher
concentrations of EGCG (>30 lM) induce chromosome dam-
age and H2O2 production. It may be likely that at low con-
centrations, EGCG promotes apoptosis in cells, which have
an impaired apoptotic response, and at markedly higher con-
centrations triggers DNA damage and apoptosis even in nor-
mal cells [24,25]. In this context, it is worth mentioning the
ﬁnding by Feyes et al. [21] that EGCG triggers apoptosis in
cancer cells but not in normal cells. The present study is the
ﬁrst report of the ability of constant exposure to a low dose
(4.5 lM) of the tea polyphenol EGCG to counteract the im-
paired apoptotic response produced by repetitive exposures
to low-grade stress.
The drastically weakened apoptotic response observed in
repetitively stressed cells, was essentially brought about by
the independent activation of two key pro-survival pathways,
namely Akt and NFjB. EGCG obstructed both survival
pathways to a great extent and restored the compromised
apoptotic response almost fully (80–100%) in the face of sub-
sequent acute stress. LY294002, an inhibitor of PI-3 kinase
that consequently blocks activation of Akt, proved to be less
potent than EGCG in the restoration of the apoptotic
response (DNA fragmentation). Conversely, LY294002 and
EGCG brought about restorations of the caspase-3 activity
to similar levels. This divergence may perhaps indicate an
additional caspase-independent death pathway, which was
possibly blocked by repetitive stress and restored by EGCG
in an Akt-independent manner. Caspase-independent cell
death pathways have been documented in recent years by a
number of researchers [42,43]. The NFjB inhibitor SN50 also
brought about a partial restoration of the apoptotic response
in repetitively stressed cells after UVR or 7.5 mM H2O2.
Therefore, EGCG through its ability to suppress the pro-sur-
vival eﬀects of both Akt and NFjB pathways, proved to be
extremely eﬀective in the restoration of the normal apoptotic
response of repetitively stressed V79 cells. The importance of
a tea constituent in combating the deleterious eﬀects of repet-
itive exposures to low-grade stress is highlighted by the pres-
ent study.
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